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DIS and Quark Parton Model

e CrossSection- NucleonStructureFunctions

v = E—F'
M 2
R = 2227 (1.2 )4
or v Q?
e QuarkPartonModel
1
Fi(z) = 5 e;qi(z)




F2/FS5 in Quark Parton Model

e Assumesospinsymmetry:

uP(z) = d™(zx) = u(x)
dP(x) = u"(x) = d(x)
sP(x) = s"(x) = s(x)

e Nachtmanrnequality:

L<Fp/FY <4



3H/3He DIS Collaboration JLab
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SLAC/MIT and CERN data

e Nachtmannnequalitysatisfied
< Fy/Fy <4
ez —0:F}/F)~1

Seaguarksdominatewith
u+ia=d+d=5+3

o x—1:F/F)~1

High momentunpartondn proton(neutron)are
up (down) quarksands + s = 0.



SU(6) Symmetry

e Wave functionfor apolarizedproton:

1 1

pT = 7§u T (ud)s—o + \/—1_8’& 1 (ud)
1 1
- gu 1 (ud) — §d 1 (uu)
— gd 1 (uu)

e u(x), d(x) have sameshape:

u(x) = 2d(x)

o F,ratioandA; "’ asymmetries:



Quark Model with Broken SU(6)

Diquarkconfigurationwith s = 1 suppressecklatve
tos =0

Fy ~ o) + 3¢ (z)
Fy ~ 4dyo(z) + 291 ()
e If Y1(x) = 0asx — 1 then:
FR/F) =5
d/u — 0
e Spinasymmetries

4= 3@/ (o)
1420 (x) /4o ()

L (@) dola)
A= T30, @) o @)

e If Y1(x) — 0asx — 1 then:
{A7, A7 - 1)

A (x)




ReggeTheory

e Probabilityto find singlevalencequarkwith  ~ 0
IS (Feynman):

Plg(x ~0)] ~27%, 1<a<llb

e Considemprobabilityto find pair of valencequarks
with x ~ 0:

FoY(z)  1+43a(l—x)
FP(z) — 1t2a(1—2)

Forxz — 1: FyJFY — &
d/u — 0

e Extendmodelto spinasymmetries

Forxz — 1: {A{l’,A?f_u}
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Hyperfine-Perturbed Quark Model*

e Hyperfineinteractionperturbsprotons enegy

e Perturbationresultsin mixedsymmetry
distributionsthatallow thed quarkto have
adifferentprobabilitythanthetwo u quarks

e Quarkpairswith spinl have theirenepgiesraised
Quarkpairswith spin0 have theirenepgieslowered

e Up quarksacquire higheraverageenegy thandown
quarks

e ASsx — 1:

FR/FY =g p An
{ d/’U, =0 7{‘417‘41_)1}

(Similarpredictiongo olderSU(6)breakingmechanisms)

*Isgur(1999)
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Perturbati ve QCD*

e Whendiquarkspinsaligned,only exchangeof
longitudinalgluonsis permitted

e Comptonamplitudesuppressety (1 — x)?

e Quarkcarryingnearlyall momentunof nucleon
(z ~ 1) musthave samehelicity asnucleon

e Predictiondor x — 1:

F}/Fy — 3/7 (not 1/4!)
d/u — 1/5 (not 0!
AT, A = 1

e NotedifferentF;'/Fy andd/u predictiong!

e Quark Counting Rules result in same predictions
[Brodsky etal. (95)]
*FarrarandJackson(75)
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Limits forx — 1

SU(6) 2/3 1/2 0 5/9
ScalarDiquarkModel 1/4 0 1 1
H-P QuarkModel 1/4 0) 1 1
pQCD 3/7 1/5 1 1
CountingRules 3/7 1/5 1 1

Reviews : Isgur, Phys.Rev. D59, 34013(1999)
Brodsky etal., Nucl. Phys.B441,197(1995)

MelnitchoukandThomas,
Phys.Lett. B377,11(1996)



Binding/EMC Effect in Deuteron

e Deuterorstructurefunctionconvolution:

Fi(z,Q%) = / dyf (y) F (z, Q%)

FyY = FY + Fy

f(y) : accountdor Fermimotion AND binding

f(y) calculated using relatvistic deuteron wave
functionwithin a covariantframework

e Densitymodel:
EMC effectfor deuterorscaleswith nucleardensity
asfor heary nuclei

d A
Iy — 1 4 Pd |:F2 1i|
F3+F} PA=Pd
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\ Q* = 10 GeV?

0.8 - \ =4 QCD fit
R\ . CTEQ4M
\ - -~ CTEQ4M (modified)

0.6 \

0.4 -

0.2 -
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| | | |
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M. Botje, Eur. Phys. J. C14, 285-297, 2000
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3SHe and 2H Structur e Functions

e Nuclearstructurgunctionin impulseapproximation

FA=a) ~ / dy fr)aly) FN (2 /y)
= fN/A®F2N
e For3He:
e = 2/, @ FP + [, ® FJ

e With isospinsymmetry:
fn/3H — fp/3He = fp
fp/3H — fn/3He — fn

e Thenfor 3H:

PAC18 July 2000



F2/F? Extraction from F.,He/FH

e CompareEMC ratiosfor A = 3 mirror nuclei:

; F;’He , FQ?’H
(He) 2FY + F}’ CH) Fy 4+ 2F}
= R(*He)/R(°H)

e MeasuredHePH ratio:
Fyfe  9FP 4 Fy
F2H FD+2Fp

o FJ'/FJ ratioextractedvia:

Fy _ 2R — F /R
Fy  2FyHe/F H




R(3He) /R(3H)

1.02 + — Paris (EST)

. --- RSC
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Neutron Structure Function and A = 3 Mirror Nuclei
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Abstract

We demonstrate that the free neutron structure function can be extracted
in deep-inelastic scattering from A = 3 mirror nuclei, with nuclear effects

canceling to within 2% for z < 0.85.

(Submittedo Phys.Lett. B)



Tritium Target

e Gasat45K, 225psi

e Density0.028g/cn?

e Maximumcurrent80 yA

e Densitychangewith beam0.1%/uA
e ~ 30cmlength,~ 2 cmdiametercell
e Luminosity~ 5 x 1037cm~2s~!

e Totalactvity ~ 20KkCi

e Measure density by using replica cell at higher
temperaturé ~ idealgas)

e 3Hecellsin samestructure



Spectrometer

e MAD is the IDEAL spectrometeto cover (z, Q?)
plane with 11 GeV.

30msrsolidangle

25 % momentunbyte

1-6 GeV centralmomentum
Standarcelectrondetectompackage:

Calorimeter
ThresholdCherenkv
Drift Chambers

[
o
o
e Scintillators

e SystematicstudiesMAD helps!)

CheckthatR = o, /o is samefor He and’*H
Measurdargetdensities
Cover maximumi? and@? rangepossible



CrossSection®*He/PH Ratio

High statisticscapability< 0.25%

e Mostcorrectionsancelout

Solidangle
Detectorefficiencies
Beamcurrent

Radiatve correctiongpartially)

Systematicgrrorsdominatedoy:

~ 0.5% tamgetdensities
~ 0.5% radiatve corrections
~ 1% total systematic

e Theoryerror 0-1%

e Totalerror 1-1.5%



Helium/Tritium E =11 GeV DIS Kinematics

X w2 Q? E' 0 /e
[(GeV)’] [(GeV)y] (GeV) (deg)

0.82 4.0 13.8 200 46.6 52
0.77 4.7 12.9 210 43.8 43
0.72 5.5 11.9 220 41.0 36
0.67 6.2 10.9 235 37.8 27
0.62 6.9 9.8 255 344 19
0.57 7.6 8.9 265 321 19
0.52 8.3 8.1 2.7/5 299 18
0.47 9.0 7.2 285 27.7 19
042 9.6 6.3 3.00 252 18
0.37 10.2 2.5 3.10 231 19
0.32 10.7 4.6 3.30 206 18
0.27 11.2 3.8 3.50 18.1 18

0.22 11.6 3.0 3.65 158 19



Helium/Tritium E =11GeV DIS ¢’'sand Times

X o(*He) o(°H) tCHe) t(°H)
(nb/sr/GeV) (nb/sr/GeV) (h) (h)

0.82 0.0146 0.0117 10.3 12.8
0.77 0.0308 0.0240 4.5 5.8
0.72 0.0639 0.0491 2.0 2.6
0.67 0.130 0.0996 0.9 1.2
0.62 0.261 0.202 0.5 0.5
0.57 0.463 0.364 0.5 0.5
0.52 0.801 0.639 0.5 0.5
0.47 1.35 1.10 0.5 0.5
0.42 2.35 1.95 0.5 0.5
0.37 3.89 3.30 0.5 0.5
0.32 7.00 6.07 0.5 0.5
0.27 12.8 11.3 0.5 0.5

0.22 23.3 21.1 0.5 0.5




8 | | | | | | | | | | | | | | | | | |
] t i
6 ; + -
— + -
_ } | i
S + t 0 4 -
TR b
\C~4' _| L

N

R i
2 —
| « JLab Projected Data ]
] *H/°He DIS ]

O I I | I I I I | I I I I | I I I I | I I I I
0.2 0.4 0.6 0.8 1.0



) 6 || | L1 1 1 I I I I L1 1 1

d/u

¢ JLab Projected Data

‘H/*He DIS

.O||||||||||||||||||||||
0.2 0.4 0.6 0.8 1.0




JLab

24

°H/“He DIS Collaboration

2

July 2000

‘_.‘_O | | | | | | | | _ | | | | _ | | | | | | | |
] — A model C(CHe,’H)
i _ _ _ _ p model °He
105 - @ —-—-— p model °H \
1.00 /14— -
0.95 —
_ S~ L -
O©O [ [ [ [ _ [ [ [ [ _ [ [ [ [ _ [ [ [ [ _ [ [ [ [
0.0 0.2 0.4 0.6 0.8 1.0

PAC18



3H/3He DIS Collaboration JLab

Summary

e DIS from3Heand?H at11 GeV atJLabcanprovide:

o Bestmeasurementsf
F}'/F) and d/u
0.1 < x<0.82

» Distinguishbetweerdifferentpredictionsof Quark
ModelandpQCD/CountingRules

o Crucial A = 3 datafor EMC effect study

 Inputto light nucleistructuretheory

o Input to structurefunction parametrizations,and
GottfriedSumRule

o Need3H/3Hein onecryotaget!

* d/u neededto predict hard scatteringcrosssections
of ep,pp, pp collisions
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